Background
==========

This case report describes a 57-year-old man with a late diagnosis of X-linked adrenoleukodystrophy (X-ALD), who presented as a diagnostic challenge. Remarkably, the patient\'s primary adrenal insufficiency remained untreated for over five decades despite presenting at 4 years of age. The X-ALD was undiagnosed despite the development of spastic paraparesis two decades ago. This case would be of interest to a general endocrine audience because it highlights the need for clinicians to be aware of this diagnosis, especially among patients with a combination of adrenal insufficiency, spastic paraparesis and/or hypogonadism.

Case presentation
=================

A 57-year-old male of Chinese background presented with bilateral gynaecomastia that was associated with a lack of energy, decreased libido and reduced shaving frequency. The gynaecomastia was of 6 months duration and was not associated with galactorrhoea, headache or visual disturbance. The patient was not prescribed any medications that could explain his symptoms, and there was no history of mumps orchitis, testicular trauma or testicular surgery in childhood.

His past medical history showed a 6-month hospitalization in China at 4 years of age, when he was diagnosed with Addison\'s disease. He was advised to take life-long corticosteroid therapy, but this did not occur; his father refused treatment due to the fear of side effects. He had noticed progressive skin hyperpigmentation since childhood.

He was diagnosed with idiopathic spastic paraparesis at the age of 53 years after presenting with a 15-year history of gait disturbance, characterised by progressively worsening stiffness of the lower limbs and ataxia, which was accompanied by urinary urgency. He reported no motor or sensory symptoms in his upper limbs. There was no history of speech disturbance, dysphagia or visual disturbance. In China, he had worked as a chemical engineer before migrating to Australia in his early fifties. He reported being a life-long non-smoker and abstained from drinking alcohol. He lived with his wife and a healthy 21-year-old son. The patient has two sisters, aged 58 and 62 years, and one brother aged 64 years who do not report any gait disturbance. The 58-year-old sister has a son aged 27 and a daughter aged 15 years, who do not have any medical problems. His other sister and brother, both have one daughter each. His parents were not reported to have significant medical problems.

Physical examination revealed generalised hyperpigmentation particularly over the knuckles, toes, palmar creases, tongue and oral mucosa ([Fig. 1](#fig1){ref-type="fig"}). His blood pressure was 90/60 mmHg with no postural drop, and his heart rate was 80 beats/min. He had bilateral non-tender gynaecomastia with ∼4--5 cm of glandular tissue underneath the areola ([Fig. 1](#fig1){ref-type="fig"}). Galactorrhoea was absent. Testes were 5 ml bilaterally. He had a male pattern hair distribution with sparse axillary and chest hair but normal pubic hair. Notably, he had no scalp hair loss. On neurological examination, cognition was intact; there were normal visual fields to confrontation and no cranial nerve deficits. No motor or sensory abnormalities were detected in the upper limbs. His gait was slow and ataxic, requiring the assistance of a walking cane. He had bilateral lower limb spasticity with a moderate pyramidal distribution of weakness (affecting hip flexion, knee flexion and dorsiflexion). His reflexes were exaggerated at both the knees and ankles, while plantar responses were down going. He had bilateral vibration sensory loss up to iliac crests and reduced sensation to pin prick upto the T7 sensory level.

![The patient\'s appearance on physical examination. (A) Bilateral non-tender gynaecomastia with 4--5 cm of glandular tissue under the areola. (B, C and D) Generalized hyperpigmentation of the tongue, palmar creases and knuckles (Panels C and D compare the appearance of the patient\'s left hand with the hand of his wife who is from the same ethnic group).](edmcr-2015-150098-g001){#fig1}

Investigation
=============

Initial laboratory testing ([Table 1](#tbl1){ref-type="table"}) demonstrated evidence of primary adrenal insufficiency with low morning (0830 h) cortisol associated with highly elevated adrenocorticotropic hormone (ACTH) levels. Adrenal 21-hydroxylase auto-antibodies were negative. Morning testosterone level was within the reference range with an elevated sex hormone binding globulin level, a slightly elevated luteinising hormone and a normal follicle stimulating hormone level. MRI of the brain and spinal cord performed 4 years prior for the assessment of spastic paraparesis was unremarkable.

###### 

Investigations before and after commencement of hydrocortisone

  **Investigational parameter**   **Pre-diagnosis**   **Post-hydrocortisone**   **Reference range**
  ------------------------------- ------------------- ------------------------- ---------------------
  Morning cortisol (nmol/l)       72                  420                       200--600
  ACTH (pmol/l)                   1118                73                        \<10
  Sodium (mmol/l)                 129                 136                       135--145
  Potassium (mmol/l)              4.6                 4.6                       3.5--5.0
  Chloride (mmol/l)               95                  97                        97--109
  Bicarbonate (mmol/l)            23                  29                        24--32
  Creatinine (μmol/l)             80                  65                        70--110
  TSH (mIU/l)                     5.9                 2.8                       0.3--4.5
  FT4 (pmol/l)                    14.7                12.4                      12.0--25.0
  Renin activity (fmol/l per s)   --                  \>5000                    130--2350
  Aldosterone (pmol/l)            --                  \<40                      80--1040
  Prolactin                       28.3                8.5                       4--15
  Testosterone (nmol/l)           19                  20                        9--31
  LH (IU/l)                       10.4                14.0                      1.7--8.6
  FSH (IU/l)                      14.9                8.7                       1.5--12.4
  SHBG (nmol/l)                   85.7                66.5                      19.0--83.0
  Estradiol (pmol/l)              121                 --                        \<206
  **VLCFA panel**                                                               
   Hexacosonate                   8.31                --                        0.33--1.13
   C26:C22                        0.098               --                        0.007--0.023
   C24:C22                        1.35                --                        0.60--1.02

Given the combination of primary adrenal insufficiency, spastic paraparesis and features of hypogonadism, a serum very long chain fatty acids (VLCFAs) panel was obtained and confirmed the elevated VLCFA levels ([Table 1](#tbl1){ref-type="table"}) consistent with a peroxisomal biogenesis or beta-oxidation defect. The diagnosis of X-ALD was then confirmed by gene testing with a hemizygous mutation in the *ABCD1* gene (c.1534G\>A(p.Gly512Ser)).

Treatment
=========

The patient was started on hydrocortisone replacement at a dose of 10 mg in the morning and 4 mg in the afternoon, with good effect. He refused to take fludrocortisone therapy due to the fear of side effects.

Outcome and follow-up
=====================

Following glucocorticoid treatment, his energy levels and blood pressure both improved significantly. He reported mild improvement in gynaecomastia and skin hyperpigmentation, but there was no change in gait disturbance, urinary urgency or lower limb weakness. His clinical improvement was accompanied by improved biochemical parameters ([Table 1](#tbl1){ref-type="table"}).

Discussion
==========

This case report illustrates the late diagnosis of X-ALD in a 57-year-old male despite at least 15 years of neurological symptoms on a background of primary adrenal insufficiency since childhood. The case can be considered unique in several respects.

First, the mode of presentation in this case is noteworthy due to the diagnostic delay and the fact that neurological decline occurred only in his forties. Recent literature points out that the usual presentation of X-ALD consists of primary adrenal failure in childhood, followed by slowly progressive spastic paraparesis [@bib1]. This can be accompanied by hypogonadism in the third or fourth decade. Our patient was diagnosed with adrenal failure at 4 years of age and had neurological signs for at least 15 years prior to his presentation with signs of hypogonadism. The diagnosis of ALD was not made until the relatively advanced age of 57 years.

Secondly and remarkably, this patient survived for over 50 years despite untreated hypoadrenalism. We speculate that ALD in this patient did not cause complete destruction of the adrenal glands and consequently, the patient developed relative as opposed to absolute adrenal insufficiency.

Thirdly, the absence of detectable pathology on MRI of this patient\'s spine despite significant clinical neurological abnormalities is noteworthy. In cerebral X-ALD, typically occipito-parietal white matter changes are the early manifestations on MRI although rarely some patients do have a normal MRI. Patients with a normal MRI may show signal changes on proton MR spectroscopy [@bib2]. In patients with myelopathy without clinical cerebral involvement, as in our patient, it is not unusual to have a normal MRI spine, but subtle cord atrophy may be noted on MRI and is typically difficult to evaluate.

Fourthly, there was a discrepancy between the clinical and the biochemical findings with respect to hypogonadism. Despite the clinical findings of testicular atrophy and gynaecomastia, this patient\'s total testosterone level was firmly within the reference range. It has been proposed that decreased 5 alpha-reductase isoform 2 expression in ALD results in a reduced rate of conversion of testosterone to the more active dihydrotestosterone [@bib4]. Intuitively, one may expect that reducing the available amount of the more active dihydrotestosterone could result in hypogonadal signs and symptoms. In keeping with the findings in our patient, Assies *et al*. [@bib5] demonstrated that plasma testosterone levels were generally in the reference range despite signs of clinical hypogonadism in a retrospective study of 26 men with X-ALD.

Fifthly, it is noteworthy that this patient did not develop scalp hair loss, which contrasts with the high frequency of this finding by Konig *et al*. [@bib6]Two patterns of hair loss have been described amongst patients with X-ALD: the first being early onset androgenetic alopecia despite hypogonadism in these patients, the second pattern is that of a diffuse reduction in scalp hair, although occasionally, there is patchy hair loss. The pathogenesis of hair loss in X-ALD has not been elucidated with one proposed mechanism being the accumulation of VLCFAs in the hair follicle.

An important lesson from this case report is that adult patients with X-ALD are often misdiagnosed as having multiple sclerosis or idiopathic spastic paraparesis for years before arriving at the correct diagnosis.

Furthermore, ALD is not an infrequent cause of idiopathic adrenal insufficiency. Consequently, screening with a VLCFA panel should be considered in male patients presenting with non-autoimmune primary adrenal insufficiency [@bib7].

With rapid advances in the field of genetics, genetic testing of family members of patients with X-ALD is of particular importance as pre-symptomatic female heterozygotes can be offered pre-natal testing to avoid transmission of the disease to male offspring. Furthermore, confirming pre-symptomatic or mildly symptomatic female heterozygotes is important as these individuals would benefit from an early understanding of the diagnosis for prognostication and initiation of symptomatic treatment for pain, spasticity and/or sphincter disturbance. Unfortunately, despite our best efforts and referral for genetic counselling, our patient\'s two sisters refused to take genetic testing.

In summary, this case illustrates the late diagnosis of X-ALD in a 57-year-old man with at least 15 years of spastic paraparesis, clinical features of adrenal insufficiency since childhood and recent onset hypogonadism.
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